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Abstract 

Background: Numerous studies have evaluated the association between the apolipoprotein E (apoE) gene polymorphisms 
in coronary heart disease (CHD). However, the results remain uncertain. We carried out a meta-analysis to derive a more 
comprehensive estimation of the association in Chinese population. 

Methods: Case-control studies in Chinese and English publications were identified by searching databases of PubMed, 
EMBASE, Web of Science, CNKI, CBM, Wanfang, VIP and hand searching of relevant journals and the reference lists of 
retrieved articles. Odds ratio (OR) and 95% confidence interval (CI) were applied to assess the strength of the associations. 
Subgroup analysis and sensitivity analysis were performed to explore the between-study heterogeneity. 

Results:\Ne finally identified 61 relevant studies which comprised 6634 case-patients and 6393 controls. The pooled OR for 
s4 carriers was 96% higher than the e3/3 genotype for CHD (OR, 1.96; 95% CI, 1.70 to 2.24; P<0.001). However, there was no 
evidence of statistically significant association between 82 carriers and risk of CHD (OR, 1 .02; 95% CI, 0.91 to 1 .1 3; P = 0.729). 
In the subgroup analysis, different endpoints may partially account for the heterogeneity. No publication bias was found. 

Conclusions: Our meta-analysis suggests that the apoE s4 allele may be a risk factor for CHD in the Chinese population, 
however, s2 allele has no significant association. 
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introduction 

Coronary heart disease (CHD) is one of the leading causes of 
death and disability around the world [1]. CHD is generally 
regarded as a multifactorial disorder that is associated with genetic 
and environmental factors [2,3,4]. Currendy, many candidate 
genes for CHD have been extensively investigated especially some 
encoded genes which is linked to metabolic abnormalities of 
hpoproteins [5]. 

Mounting evidence suggested that Apolipoprotein E (apoE) is 
one of the candidate [6,7]. ApoE is a receptor-binding ligand 
protein of liver, which can mediate the metabolism of cholesterol 
and triglyceride by clearance of chylomicron and remnants of 
very-low-density lipoprotein(VLDL) cholesterol from plasma [8]. 
ApoE also influences the metabolism of the lipoproteins to which it 



is associated, independently of its interaction with its receptors. 
Three common variant alleles (s2, s3 and £4) of apoE gene 
generates 6 different genotypes (e2/2, e2/3, s2/4, s3/3, s3/4, and 
s4/ 4). These alleles have variant frequencies across the popula- 
tions [9]. The three corresponding encoded isoforms: E2, E3 and 
E4 have different functional properties [10]. E2 with a very low 
aflinity for the low-density lipoprotein (LDL) receptor has a 
delayed clearance of VLDL and chylomicron remnants, on the 
other hand, E4 is characterized by a preferential binding to 
VLDL. Many studies assessing the role of apoE genetics on plasma 
lipids have indicated that the presence of E4 is associated with 
elevations in LDL cholesterol, while E2 is associated with 
decreased levels of LDL cholesterol [11]. Since researchers [8] 
first described the effects of apoE polymorphism on dysbetalipo- 
proteinemia, a considerable amount of studies have explored the 
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association between apoE gene and CHD risk in the general 
population [12]. ApoE polymorphism is believed to confer 
substantial effect on CHD risk. Of note, differences features such 

as ethnicity, sources of controls among studies have led to 
discrepancy in estimating the true effect of apoE genotypes on 
CHD risk. 

In 2004, a meta-analysis [13] reported that compared with 
carriers of the apoE e3/3 genotype, carriers of the apoE e4 allele 
had a significant increased risk for CHD (OR, 1.30; 95% CI, 1.18 
to 1.43), whereas the s2 allele had no effect (OR, 0.93; 95% CI, 
0.83 to 1.05). But few studies included in this meta-analysis was 
from Chinese. Another meta-analysis published in 2007 by Bennet 
et al. [12], compared with e3/3 individuals, s2 carriers have a 
20% reduced risk of CHD whereas s4 carriers have only a slighdy 
increased risk. Also, little data was related to Chinese. The 
difference of genetic background between Caucasian and Cliiuc'S(- 
may lead to different results. Moreover, the results of studies 
published for apoE polymorphism in Chinese remains uncertain. 
Some studies have indicated notably significant associations, while 
others have shown null association. Therefore, we performed a 
carefully designed meta-analysis to clarify the association between 
apoE gene polymorphism and CHD risk in Chinese populations. 

Methods 

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA ) statement [14] to report 
the present meta-analysis. A PRISMA checklist is shown in Table 
S3. 

Identification and Search of Relevant Studies 

To search for all the studies that examined the association of 
apoE polymorphisms with CHD in Chinese, we conducted a 
comprehensive hterature search of PubMed, EMBASE, Web of 
Science, CNKI(China Nation Knowledge Infrastructure Plat- 
form), CBM (China Biological Medicine Database), Wanfang, and 
VIP databases (up to October 2013), using the following MeSH 
terms and keywords: 'Apolipoprotein E', 'apoE', 'APOE', 'poly- 
morphism', 'atherosclerosis, 'coronary heart disease or CHD', 
'coronary artery disease or CAD', 'ischemic heart disease or IHD', 
'myocardial infarction or MP and 'Chinese or China or 
Taiwanese or Taiwan'. All eligible studies were performed in 
human. We also screened all the reference lists of retrieved articles 
and review articles (including systematic reviews and meta- 
analyses). We also retrieved additional studies by hand searching 
of relevant journals and by correspondence with authors of 
included studies. If there were multiple publications from the same 
study group, to prevent data duplication, the most complete and 
recent results were kept. We exclusively included studies published 
in Chinese or English. 

Studies satisfying the following predefined criteria were 
identified: (i) retrospective case-control studies using either a 
hospital-based or a population-based design(family-based study 
design was excluded); (ii) evaluation of apoE gene polymorphism 
with the risk of CHD in Chinese population; (iii) definition of 
CHD endpoints included myocardial infarction, coronary stenosis 
on coronary angiography (>50% in at least 1 of the 3 major 
coronary arteries); (iv) without consanguinit)' between cases and 
controls; (v) sufficient information was supplied for estimating the 
odds ratio (OR) and its corresponding 95% confidence interval 
(CI) between cases and controls. 



Data Extraction 

To minimize the selection bias, two authors (Ming-duo Zhang 
and Wei Gu) independently reviewed and extracted the data 
needed. Disagreements were resolved through discussion between 
the authors to achieve a consensus. From each study the following 
information was abstracted: first author, publication year, resident 
region of population studied, racial background, diagnostic 
criteria, the number of sample in both the case and control 
groups, number of cases and controls, the characteristics of the 
case group (sex, age and endpoint) and the control group (sex, age 
and source of control) within each study, distribution of genotypes 
and alleles in both case and control groups. 

Statistical Analysis 

Case-control studies were used, OR and 95% CI were applied 
to assess the strength of the association of apoE gene polymor- 
phisms with CHD, which was calculated according to Woolf 
method [15]. Heterogeneity among studies was calculated using 
the j;^-based Cochran's O-statistic test [16] (P<0.10 was 
considered statistically significant heterogeneity), the inconsistency 
index /" statistic was also calculated to obscr\-c lic'tween-study 
variability that was due to heterogeneity rather than chance [17]. 
This statistic, which was documented by percentage, yields result 
ranging from 0 to 100% (/ = 0-25%, no heterogeneity; 
50%, moderate heterogeneity; = 5()-75'!'o, large heterogeneity; 
P = 75-100%, extreme heterogeneity) [17]. A fixed-effects model 
using the Mantel and Haenszel method was used in the absence of 
between-study heterogeneity, and a random effects model using 
the method of DerSimonian & Laird was used to investigate 
variation both from in-study and between-study. Either a random- 
effects model or fixed-effects model was used to combine pooled 
effect estimates in the presence or absence of heterogeneity, 
respectively. The significance of the pooled OR was determined 
by the Z test (P<0.05 was considered significant). As apoE e3/3 
genotype is the most common genotype in population with a 
frequency of about 67%, it is widely considered as the "wild-type" 
genotype [18]. Thus, Individuals with the e3/3 genotype were 
designated as the reference group in the present study. For 
separate analyses, s2 carriers included patients with the s2/2 or 
s2/3 genotype, s4 carriers included patients with the s3/4 or e4/4 
genotype. £2 and s4 carriers were compared with the £3/3 
genotype respectively. Separate analyses were conducted for each 
genotype (in die following order: £2/2, e2/3, e2/4, £3/3, e3/4, 
and e4/4) and for £2 and e4 carrier status. If unexpected 
heterogx'iu'ity was present, we undertook subgroup analysis to 
explore the potential sources of between-study heterogeneity in 
included studies. A variety of prespecified variables such as 
ethnicity, control sources, endpoint, assay type and sample size of 
published studies were included in our analysis [13]. Each 
subgroup had at least two independent studies. 

Sensitivity analysis was performed to examine whether the 
findings in the meta-analysis were robust. One way was conducted 
by sequential removal an individual study each time and then 
examined whether any of the ORs can bias the results. Another 
method was to identify if the overall significance of the estimate is 
altered when we excluded studies with deviation from the Hardy- 
Weinberg Equilibrium (HWE) among controls. Publication bias 
was investigated by a Begg modified funnel plot, in which the 
standard error of the log (OR) of each study was plotted against its 
OR. An asymmetric plot suggested possible publication bias. 
Funnel-plot asymmetry was assessed by the method of the Begg 
adjusted rank correlation test [19] and Egger regression test [20]. 
P<0.05 was considered statistically significant. All statistical 
analyses were performed by using STATA statistical version 
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10.0 (Stata Corporation, College Station, Texas, USA). AU P- 
values were two-sided. 

Results 

Studies Included in the IVleta-analysis 

After a comprehensive literature search applying our inclusion 
criteria, 61 relevant studies which comprised 6634 case-patients 
and 6393 controls from 816 potentially relevant articles were 
identified in the final analysis (Figure 1). 

Fifty-five studies involved Han Chinese, whereas the other 6 
studies were performed in non-Han Chinese. Of all the 61 studies, 
controls of 23 studies came from general population and the rest 
were hospital-based ones (Table SI). The controls of 46 studies 
met HWE of genotype distributions (Table S2). The overall 
genotype frequencies among people without CHD were 0.012 for 
e2/2, 0.128 for e2/3, 0.022 for e2/4, 0.708 for e3/3, 0.121 for s3/ 
4, and 0.008 for 84/4. The overall allele frequencies were 0.087 
for e2, 0.813 for 83, and 0.092 for 84. These frequencies varied 
among studies. However, the e3 allele still was the most common, 
and s3/3 consistently had the highest frequency among studies. 
The detailed characteristics of the included studies are presented 
in Table SI and S2. 

Main Meta-results 

The pooled ORs for CHD in £2 carriers and e4 carriers with 
the e3/3 genotype as the reference group are shown in Figure 2 
and 3. Figure 2 reveals the combined ORs in e4 carriers had a 
96% higher risk than die e3/3 genotype for CHD (OR, 1.96; 95% 
CI, 1.70 to 2.24; P<0.001), we found significant between-study 
heterogeneity and the random effect model was used. However, 



Records identified from Pubmed (n=67), Embase(n=99), 
CNKI(N=133), VIP(n=162), Wanfang(n=166), CBIVI(n=189) 



there was no evidence of statistically significant association 
between e2 carriers and CHD risk (OR, 1.02; 95% CI, 0.91 to 
1.13; P = 0.729), no evidence of heterogeneity were found, hence, 
fixed-effects model was employed, as shown in Figure 3. The 
pooled estimates for the comparison between s3/3 genotype and 
each of the other genotypes (s2/2, e2/3, s2/4, e3/4, and e4/4) 
displayed different results. People with the genotypes of e2/ 4, e3/4 
and e4/4 had significantiy higher risk for CHD (ORs, 1.37; 95% 
CI, 1.08 to 1.75; 1.90; 1.65 to 2.18 and 2.18; 1.57 to 3.02, 
respectively) than those with the genotype of £3/3, whereas the 
differences between CHD risk and £2/2 or e2/3 genotype were 
not significant (ORs, 0.92; 95% CI, 0.64 to 1.32 and 1.04; 0.93 to 
1.16, respectively) (Figure 4). No evidence of heterogeneity were 
also found, hence, fixed-effects model was employed in these 
comparisons. The summary estimates of the ORs examining the 
association between the given alleles and CHD risk compared with 
the e3 allele showed significantiy higher for the e4 allele (OR, 1.78; 
95% CI, 1.57 to 2.01) but not for tiie £2 aUele (OR, 0.99; 95% CI, 
0.88 to 1.10). 

Subgroup Analysis 

We performed Subgroup analysis according to the prespecified 
variables. In general, although people with the e4 carriers had 
considerably increased risk for CHD in both overall and separate 
analysis, heterogeneity was found in most subgroups in the 
comparison of £4 carriers with the reference genotype of e3/3 
(Table 1). Different CHD endpoints may partially account for the 
heterogeneity. The increased risk for CHD was significant for 
stenosis associated with the comparison of e4 carriers with the £3/ 
3 genotype (OR: 1.99, 95% CI: 1.71 to 2.32, P<0.001) with 
moderate heterogeneity across studies (Pheterogeneity <0.001, 



631 Studies excluded:overiapping studies among Pubmed, 
Embase, CNKI, VIP, Wanfang, CBM 



Records after duplicates removed for detailed evaluation 
(n = 185) 



95 Studies excluded on basis of title, abstract, or both 



Records potentially appropriate to be included (n = 90) 



21 Full-text articles excluded due to study of irrelevant 
populations, genetic variants or design 



Articles assessed for eligibility to be included in the meta- 
analysis (n = 69 ) 



8 Studies excluded due to relevant data not available 



Studies with sufficient Information fulfilling all inclusion criteria 
included (n =61 ) 



Studies included in quantitative synthesis of meta-analysis 

(n = 61 ) 



Figure 1. The flowchart of selection of studies. 

doi:1 0.1 371/journal.pone.0095463.g001 
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study 
ID 

Jieetal. (1989) 
Zhang etal. (1998) 
Yuan etal. (1998) 
Wu et ai. (1 998) 
Yan etal. (1999) 
Cao etal. (1999) 
Jinetal.(1999) 
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Li et al. (2000) 
Wang et al. (2000) 
Zhang etal. (2001) 
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Wang etal. (2001) 
Zhang etal. (2001) 
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Yang etal. (2001) 
Zhang etal. (2001) 
Wu et al. (2002) 
Zhang et al. (2003) 
Gu etal. (2003) 
Yangetal.-l (2003) 
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Li et al. (2003) 
liao et al. (2004) 
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He etal. (2004) 
Xiaoetal.-2 (2005) 
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Zou etal. (2005) 
Pan etal. (2005) 
Ou et al. (2005) 
Zhao etal. (2006) 
Liang et al. (2006) 
Ma et al. (2006) 
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Xu et al. (2007) 
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Wang et al. (2007) 
Gao et al. (2008) 
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Li et al. (2009) 
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Figure 2. Odds ratios for coronary heart disease in £4 carriers versus population with the £3/3 genotype of ail 61 studies. Size of tlie 
squares is proportional to the weight of the odds ratios; blacl< circular dots indicate the odds ratios; horizontal lines represent the 95% CI. Dark hollow 
diamonds show the pooled estimates from the random-effects models (with 95% CI) and the fixed-effects model (with 95% CI). 
doi:10.1371/journal.pone.0095463.g002 



— 45.50%). However, there was a 95% increased risk for mixed 
endpoint (Stenosis or MI) with no evidence of significant 
heterogeneity across studies (Pheterogendty = 0.239, 1^ = 27.4%). In 



tlie subgroup analysis by ethnicity, all studies were divided into 
two groups: Han Chinese and non-Han Chinese. Han Chinese 
included more than 90% of studies (55 out of 61), including 6097 
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Figure 3. Odds ratios for coronary heart disease in e2 carriers versus population with the £3/3 genotype of all 61 studies. Size of the 
squares is proportional to the weight of the odds ratios; blacl< circular dots indicate the odds ratios; horizontal lines represent the 95% CI. Dark hollow 
diamonds show the pooled estimates from the random-effects models (with 95% CI) and the fixed-effects model (with 95% CI). 
doi:1 0.1 371 /journal.pone.0095463.g003 
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Figure 4. The comparison of ORs between e3/3 and all the 
other genotypes for coronary heart disease, based on 61 
studies. Size of data symbols is proportional to the inverse of the 
variance of odds ratios (83/3 is displayed with forced fixed size) and 
error bars represent 95% confidence intervals (CIs). 
doi:l 0.1 371/journal.pone.0095463.g004 

cases and 5785 controls, non-Han Chinese comprised 6 studies. 
Both subgroups had a markedly increased risk (OR, 1.98, 95% CI, 
1.71 to 2.29, P<0.001 for Han Chinese and OR, 1.82, 95% CI, 
1.11 to 2.96, P = 0.017 for non-Han Chinese; respectively) for 
CHD in the comparison of £4 carriers with the s3/3 gcnot^'pe, 
with moderate heterogeneity across studies. For the subgroup 
analysis based on diflFerent sources of controls, people from 
hospital had a 109% increased risk for CHD, whereas a 73% 
increased risk was found in those from general population. Both 
two kinds of sources had moderate heterogeneity. Assay type are 
different across studies, PCR-based methods are used in 57 studies 
and Sequencing analysis is used in the other 4 studies. The 
increased risk for CHD was most evident for the group of 
Sequencing analysis with large heterogeneity among studies(OR: 
2.36, 95% CI: 1.07 to 5.21, Pheter„gcndty = 0.009, f = 74%). 
Analysis by grouping the studies according to the sample size of 
published studies showed that smaller studies yielded larger ORs 
and corresponding CIs in the comparison of s4 carriers with the 
83/3 genotype (OR: 1.98, 95% CI: 1.70 to 2.29, P<0.001 for 
sample size less than 100 and OR: 1.87, 95% CI: 1.64 to 2.13, P< 
0.001 for for sample size at least 100; respectively). In contrast, the 
dilferences relating to the comparison of s2 carriers with the e3/3 
genotype for CHD were not significant in both overall and 
separate analysis, except for the subgroup of non-Han Chinese 
with a notably reduced risk (OR: 0.53, 95% CI: 0.29 to 0.96, 
P = 0.037). Both overall and almost all subgroups analyses 
displayed no evidence of heterogeneity in those comparisons. 

Sensitivity Analysis 

The influential analysis showed that no particular study affected 
the overall significance of the pooled estimates. After removing 

each study and recalculating the ORs, overall estimates as well as 
their significance remained nearly unchanged in both the s2 
carriers comparison and the s4 carriers comparison with the 83/3 
genotype as can be seen from Figure SI. The pooled estimates 
were also not materially altered when we excluded studies which 
deviated from HWE among controls of e4 carriers (OR: 1.95, 95% 
CI: 1.66 to 2.29, 

Pheterogeneity ~ O'OOl) £2 Carriers (OR: 1.06, 

95% CI: 0.93 to 1.20, Pheterogeneity = 0.458). 



Publication Bias 

The shape of the funnel plot does not display any evidence of 
apparent asymmetry for the s4 carriers with CHD risk, 
furthermore, the formal tests also show no evidence of substantial 
publication bias (P = 0.608 for the Begg test; P = 0.605 for the 
Egger test). Similarly, neither funnel plots nor formal tests show 
publication bias for the 82 carriers (P>0.05 for both Begg and 
Egger tests) as can be seen from Figure S2. 

Discussion 

To our knowledge, this present meta-analysis of 6 1 studies, with 
a total of 6 634 CHD cases and 6 393 controls, provides the most 
comprehensive assessment of the association between apoE gene 
polymorphisms and CHD in Chinese population. Our meta- 
analysis indicates that 84 carriers conferred a significant 96% 
higher risk than the s3/3 genotype for CHD. However, we found 
no evidence of statistically significant association between the 82 
carriers and CHD risk. For the comparison of genotypes 
separately, people with the genotypes of e2/4, 83/4 and 84/4 
had significantly higher risk for CHD than ones with the genotype 
of s3/3, whereas the s2/2 and s2/3 genotypes were not 
significant. 

The detailed mechanism by which 84 allele carriers might 
confer adverse lipid profiles is partially understood. Several studies 
have examined apoE with lipid metabolism, especially LDL 
cholesterol levels, and CHD risk and the mechanism of effect has 
been discussed in these papers [8,21,22]. Evidence shows that 
ApoE polymorphisms may account for 2 to 1 1 % of the total 
variance present in the serum or plasma cholesterol levels of 
apparently healthy Caucasians [23,24]. Plasma total cholesterol 
and LDL cholesterol levels tended to be higher among individuals 
of 84 carriers as compared with s3/3 ones. 

ApoE4 is also associated with increased ApoB and cholesterol 
levels and decreased apoE levels [6] . In addition to cardiovascular 
disease, apoE gene polymorphisms were associated with many 
pathophysiological conditions, including Alzheimer's disease (AD), 
diabetes,Parkinson's disease, renal disease and stroke 
[6,1 1,25,26,27]. The normal role of three major isoforms of apoE 
is related to their receptor affinity [28]. The most common is 
apoE3, which is found in maintenance of normal activities. 
However, the apoE4 is seen as a 'thrifty' gene and the important 
functions of apoE4 are to increase cholesterol production in the 
liver [6]. Therefore, apoE4 tends to reduce the level of high- 
density lipoprotein (HDL) and increase the level of LDL 
cholesterol in the high-fat intake population [29]. Many other 
factors such as inflammation [30,31], immunity [32] and oxidative 
status [33] might also exert interactive influences on the lipid 
profiles. Meta-analysis performed by Bennet et al. [12]displayed 
that people with the s2/s2 genot)'pe had about 30"/!} lower mean 
LDL-C values than those with the e4/E4 genotype. There were 
approximately linear relationships of apoE genotypes with LDL-C 
and with coronary risk. However, in our meta-analysis, httie 
studies included the lipid profile of participants, future studies with 
blood lipids characteristics were needed to confirm those findings 
in Chinese population. The detailed mechanism underlying the 
association of apoE polymorphism with CHD risk is not 
completely addressed and our findings should stimulate further 
investigation. 

The results of our study are in general agreement with those 
performed by Song et al. [13], but contrast with those performed 
by Bennet et al. [12]. Most persons included in the two meta- 
analyses are Caucasian, whereas little data is focus on Chinese. 
Ethnicity may contribute to the difference. The results of another 
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meta-analysis [34] which tried to explore the association between 
e4 allele and CHD risk in Chinese were consist with our current 
study. However, these investigators neither investigated the 
relation between s2 allele and CHD risk nor performed subgroup 
or meta-regression analysis to further explore the potential sources 
of between-study heterogeneity. Our study included m()r(; rc-lcvant 
articles and we performed a wide range of predefined subgroup 
analyses. 

We should emphasize that heterogeneity is an important 
concern in meta-analysis. We performed comprehensive subgroup 
analyses and sensitivity analyses to further explore the potential 
sources of between-study heterogeneity. The subgroup analyses 
included multiple covariates, comprising ethnicity, control sources, 
genotyping methods, sample size and end point. Especially, 
different ethnicity and endpoints may partly account for the 
heterogeneity. The findings of our meta-analysis indicated that 
non-Han Chinese had a decreased risk for CHD in the 
comparison of s2 carriers with e3/3 genot}'pe, but not for Han 
Chinese. However, the majority of subjects were limited to Han 
Chinese, so the results for non Han Chinese might be unreliable. 
For different endpoints, although with evident heterogeneity, 84 
carriers was strongly associated with coronary stenosis. Popula- 
tions of MI and mixed endpoint had the same results but with little 
heterogeneity. Song et al. [13] also found that s4 carriers was 
associated with CHD death which was consist with our study. 
Hospital-based studies yielded a more significant association than 
population-based ones. Generally, population-based studies offers 
more advantages over hospital-based design in minimizing false- 
positive findings related to selection bias [3.^]. hospital-based 
controls may have other diseases and also been given the 
corresponding drugs which exerted a confounding effect on the 
risk for CHD. Thus, we can not completely exclude the possibility 
that a true genetic effect was overestimated. The results of studies 
with population-based controls may be more reliable, and the 
results of hospital-based studies should be explained with caution. 

Analysis by grouping the studies according to the sample size of 
published studies showed that smaller studies yielded larger ORs 
and corresponding CIs in the comparison of e4 carriers with the 
s3/3 genotype. These results displayed that small study-related 
bias was very likely because of smaller sample size. However, the 
risk associations between s4 carriers and e3/3 genotype were 
broadly similar in subgroups divided by the other covariates. 
Equally, e2 carriers had the same results. Heterogeneity can not 
totally rule out in our study, so we dealt with this concern also by 
using multiple sensitivity analyses to identify the robust of the 
findings. The pooled estimates were not materially altered when 
we excluded studies which deviated from HWE among controls. 
Deviation from HWE among controls may suggest potential 
selection bias of controls or genotyping errors and tend to 
overestimate the chance of a false-positive association [36]. 
However, the pooled estimates were not materially altered when 
we excluded studies which deviated from HWE among controls, 
these studies were still included in our analysis. The influential 
analysis displayed that no study affected the overall significance of 
the pooled estimates. 

Publication bias may introduce false positive in a meta-analysis 
[20]. So every effort should be made to avoid possible bias. In 

References 

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, et al. (2013) Heart 
disease and stroke statistics-2013 update: a report from the American Heart 

Association. Circulation 127: c6-c245. 

2. KuUo IJ, Ding K (2007) Mechanisms of disease: The genetic basis of coronary 
heart disease. Nat Clin Pract Cardiovasc Med 4; 558-569. 



order to avoid this bias, we included both English and non-English 
articles. Studies whose controls deviates from the HWE were all 
properly assessed. Begg and Egger test for detecting publication 
bias were performed and no evident bias was found. 

The present meta-analysis should be interpreted with caution, 
several limitations merit consideration. First, in this study, we only 
focused on apoE gene polymorphisms and were not able to 
evaluate other genes responsible for CHD. Some genes such as 
ApoB gene may have interaction with apoE gene by gene-gene 
effect for CHD. Second, publication bias can not entirely 
excluded, like all other mc-ta analyses, might potential distort the 
conclusion, since all the included studies in our meta-analysis are 
all from either English or Chinese journals and many small size 
studies were included. However, since the e2 allele has a very low 
frequency (0.087) in the Chinese population, the lack of association 
may be due to the small sample sizes. Third, we are unable to 
obtain enough data from original studies to adjust for potential 
confounding factors by performing additionEil subgroup analysis. 
These factors such as age, sex, smoking and alcohol consumption 
which have been regarded as effective modulators for the 
development of CHD. 

In summary, our meta-analysis indicates that e4 allele has an 
increased risk for CHD in Chinese, but the £2 allele has null 
association except the subgroup of non-Han Chinese. More large- 
scale and incorporated with various covariates studies should be 
performed to further elucidate the association between the apoE 
gene polymorphisms and CHD in the Chinese populations. 

Supporting Information 

Figure SI Influence analysis of people with £2 carriers 
(A) and e4 carriers (B) versus those with the e3/3 
genotype for the risk of coronary heart disease. Open 
circle indicates the pooled ORs, horizontal lines represent the 95% 
CIs, given named study is omitted. 
(TIF) 

Figure S2 Begg's funnel plot for comparison of e2 
carriers (A) and e4 carriers (B) with £3/3 genotype for 
the risk of coronary heart disease. Size of the open circles is 
proportional to the weight of studies. 
(TIF) 

Table SI Baseline characteristics of the studies includ- 
ed in the meta-analysis. 

(DOCX) 

Table S2 Sample size, the distribution of Apo E 
genotypes, alleles frequencies, P values and values 
of HWE. 

(DOCX) 

Table S3 PRISMA 2009 checklist. 

(DOCX) 

Author Contributions 

Conceived and designed the experiments: SL QZ. Performed the 
experiments: MZ WG. Analyzed the data: SQ EZ. Contributed 
reagents/materials/analysis tools: SL QZ. Wrote the paper: MZ WG. 



3. Mi X, Eskridge KM, George V, Wang D (20 1 1) Structural equation modeling of 
gene-environment interactions in coronary heart disease. Ann Hum Genet 75: 
255-265. 

4. Talmud PJ {2007; {iene-en\ ironmenl interaction and its impact on coronary 
heart disease risk. Nutr Mctab Cardiovasc Dis 17: 148-152. 



PLOS ONE I www.plosone.org 



8 



April 2014 | Volume 9 | Issue 4 | e95463 



Apo E Gene Variant and Coronary Heart Disease 



5. Schunkcrt H, Konig IR, Kathircsan S, Rrilly MP, Assimcs TL, ct al. (2011) 
Large-scale association analysis identifies 13 new susceptibility loci for coronary 
artery disease. Nat Genet 43: 333-338. 

6. Mahley RW, Rail SC Jr (2000) Apolipoprotein E: far more than a lipid transport 
protein. Annu Rev Genomics Hum Genet 1: 507—537. 

7. Greenow K, Pearce N, Ramji D (2005) The key role of apolipoprotein E in 
atherosclerosis. Journal of Molecular Medicine 83: 329-342. 

8. Utcrmann Q, ffccs M, Stcinmctz A (1977; Polymorphism ni' apolipoprotein E 
and occurrence of dysbctalipoprotcinacmia in man. Naliirc 269: 604 -607. 

9. Hallman DM, Bocrwinklc E, Saha N, Sandholzcr C, Mcnzrl llj, ct al. (1991) 
The apolipoprotein E polymorphism: a comparison of allele frequencies and 
effects in nine populations. Am J Hum Genet 49: 338-349. 

10. Hatters DM, Peters-Libeu CA, Weisgraber KH (2006) Apolipoprotein E 
structure: insights into function. Trends Biochem Sci 31: 445 454. 

11. Wilson P\V, Wers RH, Larson MG, Ordovas JM, Wolf PA, ct al. (1994) 
Apolipoprotein E alleles, dyslipidcmia, and coronary heart disease. The 
Eramingham Offsprmg Study. JAMA 272: 1666-1671. 

12. Bennet AM, Di Angelantonio E, Ye Z, Wensley F, Dahlin A, et al. (2007) 
Association of apolipoprotein E genotypes with lipid levels and coronary risk. 
JAMA 298: 1300-1311. 

13. Song YQj Stampfer MJ, Liu SM (2004) Meta-analysis: Apolipoprotein E 
genotypes and risk for coronary heart disease. Annals of Internal Medicine 141: 
137-147. 

14. Moher D, Liberati A, Tetzlalf J, Altman DG, The PG (2009) Preferred 
Reporting Items for Systematic Reviews and Meta-Analyscs: The PRISMA 
Statement. PLoS Med 6: cl000097. 

15. Woolf B (1955) On estimating the relation between blood group and disease. 
Ann Hum Genet 19: 251-253. 

16. Cochran WG (1954) The combination of estimates from different experiments. 
Biometrics 10: 101-129. 

17. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. 
Stat Med 21: 1539-1558. 

18. Anthopoulos PCi, Hamodrakas SJ, Bagos PG (2010) Apolipoprotein E 
polymorphisms and type 2 diabetes: a meta-analysis of 30 studies including 
5423 cases and 8197 controls. Mol Genet Metab 100: 283-291. 

19. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation 
test for publication bias. Biometrics 50: 1088-1101. 

20. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis 
detected by a simple, graphical test. BMJ 315: 629-634. 

21. Mahley RW (1988) Apolipoprotein E: cholesterol transport protein with 
expanding role in cell biology. Science 240: 622—630. 

22. Kuusi T, Nieminen MS, Ehnholm C, Yki-Jarvinen H, Valle M, et al. (1989) 
Apoprotein E polymorphism and corouEuy artery disease. Increased prevalence 



of apolipoprotein E~4 in angiographically verified corouEuy patients. Arterio- 
sclerosis 9: 237-241. 

23. Eichncr JE, Dunn ST, Pcrveen G, Thompson DM, Stewart KE, et al. (2002) 
Apolipoprotein E polymorphism and cardiovascular disease: a HuGE review. 
Am J Epidemiol 155: 487^95. 

24. Davignon J, Gregg RE, Sing CF (1988) Apolipoprotein E polymorphism and 

atherosclerosis. Arteriosclerosis 8: 1—21. 

25. Rabcr J, Huang Y, Ashford JW (2004) ApoE genotype accounts for the vast 
majority of AD risk and AD pathology. Ncurobiol Aging 25: 641—650. 

26. Dergunov AD (201 1) Apolipoprotein E genotype as a most significant predictor 
of lipid response at lipid-lowering therapy: mechanistic and clinical studies. 
Biomed Pharmacother 65: 597—603. 

27. Khan TA, Shah T, Prieto D, Zhang W, Price J, et al. (2013) Apolipoprotein E 
genotype, cardiovascular biomarkers and risk of stroke: systematic review and 
meta-analysis of 14,015 stroke cases and pooled analysis of primary biomjuker 
data from up to 60,883 individuals. Int J Epidemiol 42: 475-492. 

28. Anoop S, Misra A, Meena K, Luthra K (2010) Apolipoprotein E polymorphism 
in cerebrovascular & coronary heart diseases. Indian J Med Res 132: 363—378. 

29. Yamada X, Shimano H, Yazaki Y (1995) Role of apolipoprotein E in lipoprotein 
minabfili^m and in the proiM^ss oi'arherosrlcrosis. J Athcroscler Thromb 2 Suppl 
1: S2'» 33. 

30. (irammer I B, Hollmann MM, Rcnner \V, Kleber ME, Winkelmann BR, et al. 
(2011) Apolipoprotein E gcnotvpes, circulating C-reactive protein and 
angiographic coronary artery disease: the Ludwigshafen Risk and Cardiovas- 
cular Health Study. Adierosclerosis 215: 487^93. 

3 1 . Gungor Z, Anuurad E, Enkhmaa B, Zhang W, Kim K, et al. (20 1 2) Apo E4 and 
hpoprotein-associated phosphohpase A2 synergisticaUy increase cardiovascular 
risk. Atherosclerosis 223: 230-234. 

32. Cohon CA, Brown CM, Vitek MP (2005) Sex steroids, APOE genotype and the 
innate immune system. Ncurobiol Aging 26: 363-372. 

33. Brown CM, Wright E, Colton CA, Sullivan PM, Laskowitz DT, et al. (2002) 
Apoli];)oprotein E isoform mediated regulation of nitric oxide release. Free Radic 
Biol Med 32: 1071-1075. 

34. Yin W, Sun QQ.- Zhang BB, Hu AM, Liu HE, ct al. (2013) Associalion 
between Apolipoprotein E Gene Polymorphism and the Risk of Coronary Artery 
Disease in Chinese Population: Evidence from a Meta-Analysis of 40 Studies. 
PLoS One 8: e66924. 

35. Grimes DA, Schulz KF (2002) Bias and causal associations in observationjil 
research. Lancet 359: 248-252. 

36. Litde J, Bradley L, Bray MS, Clyne M, Dorman J, et al. (2002) Reporting, 
appraising, and integrating data on genotype prevalence and gene-disease 
associations. AmJ Epidemiol 156: 300-310. 



PLOS ONE I www.plosone.org 



9 



April 2014 | Volume 9 | Issue 4 | e95463 



